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Toll-like receptors (TLRs) are important in sepsis. Myeloid
differentiation factor 88 (MyD88) is a key molecule involved in
signal transduction by multiple TLRs. The objective of this
study was to investigate the contribution of TLR4 and MyD88
to acute renal failure (ARF) induced by polymicrobial sepsis.
Liver dysfunction and apoptosis in the spleen contribute to
sepsis severity after cecal ligation and puncture (CLP).
Therefore, we also investigated liver injury and splenic
apoptosis. We used a mouse model of sepsis-induced ARF
using CLP to generate polymicrobial sepsis. Despite fluid and
antibiotic resuscitation the mice developed multi-organ failure,
including ARF, which resembles human sepsis. We
investigated the role of the TLR4 receptor by comparing C3H/
HeJ mice (which lack TLR4) with C3H/He0UJ normal controls.
The role of MyD88 was investigated by comparing MyD88
knockout mice (MyD88/) with wild-type controls. Following
CLP, mice lacking TLR4 and wild-type mice both developed
comparable ARF. However, MyD88/ mice did not develop
ARF compared to wild-type controls. In contrast, MyD88/
mice developed liver injury comparable to wild type. After CLP,
MyD88/ mice had significantly reduced apoptosis in the
spleen compared with wild type. Apoptosis was not detected
in the kidney of wild-type or MyD88/ mice after CLP. In
summary, ARF induced by polymicrobial sepsis is dependent
on MyD88, but not TLR4. The absence of MyD88 dissociates
ARF from liver injury; liver injury is MyD88-independent. There
was MyD88-dependent apoptosis in the spleen, but no
apoptosis in the kidney. MyD88 may be a good drug target for
some, but not all, organ dysfunctions following sepsis.
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Acute renal failure (ARF) induced by sepsis has a high
mortality and sepsis accounts for a similar number of deaths
per year as myocardial infarction in the USA.1 It is likely that
the response of the innate immune system to infection is
important in the development of ARF. This paper investigates
the role of toll-like receptors (TLRs) in sepsis-induced ARF.
The TLR family are receptors of the innate immune
system which recognize pathogen-associated molecular
patterns; for example, the major signaling receptor for
endotoxin (lipopolysaccharide) is TLR4.2,3 Myeloid differ-
entiation factor 88 (MyD88) is a central adaptor protein for
the majority of TLRs, acting as a link between the receptors
and downstream kinases.2 These MyD88-dependent path-
ways lead to activation of the transcription factor nuclear
factor-kB and production of cytokines such as tumor
necrosis factor (TNF)-a.
Sepsis-induced ARF has been modeled in rodents by
administration of endotoxin. Mortality and ARF following
endotoxin administration have been found to be dependent
on extra-renal TLR4 activation, production of the cytokine
TNF-a, and renal cell death by apoptosis.3–6 However, in both
rodents and humans, the mortality induced by polymicrobial
sepsis is not dependent on TLR4. For example, in polymicro-
bial mouse models of sepsis, survival is not TLR4 dependent,7
and a human loss-of-function mutation in the TLR4 gene has
been shown to have no effect on the incidence or outcome
of sepsis after major abdominal surgery, despite impairment
of endotoxin responsiveness.8 In addition, therapeutic
interventions aimed at inhibiting the action of TNF-a have
produced disappointing results.9
We have recently developed a mouse model of sepsis-
induced ARF based on the cecal ligation and puncture (CLP)
technique to generate polymicrobial sepsis.10 This model is
distinct from typical mouse CLP models in that fluid and
antibiotic resuscitation is administered to aged mice. The
mice develop multi-organ failure that resembles human
sepsis.
The objective of this study was to investigate the
contribution of TLR4 and MyD88 in our polymicrobial
model of sepsis-induced ARF. Hepatic dysfunction and
lymphocyte apoptosis in the spleen contribute to severity of
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illness in septic patients. Therefore, we also investigated the
role of TLR4 and MyD88 in sepsis-induced liver injury and
apoptosis. We investigated the role of the TLR4 receptor by
comparing C3H/HeJ mice (which do not express TLR4 due
to a spontaneous mutation) with C3H/He0UJ normal
controls. The role of MyD88 was investigated by comparing
MyD88 knockout mice (MyD88/) with wild-type controls.
RESULTS
Following CLP, C3H/HeJ mice (which do not express TLR4
due to a spontaneous mutation), and C3H/He0UJ normal
controls both developed comparable ARF (Figure 1a and b).
The serum creatinine levels and blood urea nitrogen were
elevated in both strains of mice 24 h after CLP (serum
creatinine: sham, 0.1370.01 mg/dl (n¼ 5); C3H/HeJ,
0.3970.07 mg/dl (n¼ 13); C3H/He0UJ, 0.5470.13 mg/dl
(n¼ 13), P¼ 0.3; BUN: sham, 19.170.9 mg/dl (n¼ 5);
C3H/HeJ, 10377 mg/dl (n¼ 13); C3H/He0UJ, 101711 mg/
dl (n¼ 13), P¼ 0.9). However, MyD88/ mice did not
develop ARF 24 h after CLP (Figure 1a and b) compared to
C57BL/6 controls (serum creatinine: sham, 0.1470.01 mg/dl
(n¼ 5); MyD88/, 0.1170.01 mg/dl (n¼ 8); C57BL/6,
0.4570.12 mg/dl (n¼ 8), P¼ 0.02; BUN: sham, 15.671.0
mg/dl (n¼ 5); MyD88/, 17.672 mg/dl (n¼ 8); C57BL/6,
86714 mg/dl (n¼ 8), P¼ 0.002). Renal histology demon-
strated that C57BL/6 mice developed vacuolar degeneration
and loss of brush border 24 h after CLP. MyD88/ mice did
not demonstrate these histological changes (Figure 1d–f). At
24 h after CLP, the serum levels of TNF-a were significantly
reduced in MyD88/ mice compared to C57BL/6 (Figure
1c) (sham, 10874 pg/ml (n¼ 3); MyD88/, 137719 pg/ml
(n¼ 3); C57BL6, 5497142 pg/ml (n¼ 3), P¼ 0.05). C3H/
HeJ and C3H/He0UJ mice both had comparable serum levels
of TNF-a 24 h after CLP (Figure 1c).
Figure 2 demonstrates that C3H/HeJ, C3H/He0UJ,
C57BL/6, and MyD88/ mice all developed liver injury
24 h after CLP. Serum transaminases were elevated in all
strains of mice (Figure 2a and b) compared to sham
(aspartate aminotransferase: sham, 287753 U/l (n¼ 7);
C3H/HeJ, 702795 U/l (n¼ 13); C3H/He0UJ, 10137293 U/l
(n¼ 13); MyD88/, 14217546 U/l (n¼ 8); C57BL6,
9137111 U/l (n¼ 8); alanine aminotransferase: sham,
57711 U/l (n¼ 7); C3H/HeJ, 181731 U/l (n¼ 13); C3H/
He0UJ, 4767194 U/l (n¼ 13); MyD88/, 239740 U/l
(n¼ 8); C57BL6, 3647155 U/l (n¼ 8)). However, 24 h after
CLP, there was no significant difference in serum transami-
nase levels between C3H/He0UJ and C3H/HeJ or between
C57BL/6 and MyD88/ mice (P40.2 for all post-CLP
transaminase comparisons). Liver histology demonstrated
significant liver injury in all strains of mice (Figure 2c–e),
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Figure 1 | Effect of CLP on mice lacking TLR4 (C3H/HeJ) and
MyD88 (MyD88/) compared with controls (C3H/He0uJ and
C57BL/6, respectively). (a) Serum creatinine values 24 h after sham
surgery or CLP. (b) Blood urea nitrogen values 24 h after sham surgery
or CLP. (c) Serum TNF-a levels 24 h after CLP. Sham represents values
from C3H/HeJ and C3H/He0uJ mice or MyD88/ and C57BL/6 mice.
*Po0.05 vs sham, #Po0.05 vs C57BL/6. Periodic acid-Schiff-stained
kidney sections (Original magnification  40 from (d) sham-operated
MyD88/ mice, (e) CLP-operated C57BL/6, and (f) CLP-operated
MyD88/ mice 24 h after surgery.
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Figure 2 | Effect of CLP on liver function in mice lacking TLR4
(C3H/HeJ) and MyD88 (MyD88/) compared with controls (C3H/
He0uJ and C57BL/6, respectively). (a) Serum aspartate trans-
aminase levels 24 h after sham or CLP surgery. (b) Serum alanine
transaminase levels 24 h after sham or CLP surgery. Sham represents
values from C3H/HeJ and C3H/He0uJ mice or MyD88/ and C57BL/6
mice. Typical liver histology stained with periodic acid-Schiff: (c) 24 h
after sham surgery in MyD88/; (d) 24 h after CLP surgery in C57BL/6’;
(e) 24 h after CLP surgery in MyD88/. *Po0.05 vs sham. NS¼ not
significant.
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with extensive loss of hepatocyte glycogen stores, bland
cytoplasm, and focal necrosis. The hepatocyte nucleoli were
enlarged and vesicular. There were reactive appearing Kupfer
cells and inflammatory cell infiltrates with some septic
emboli with fibrin deposition. Figure 2a and b suggests that
C3H/HeJ mice may have reduced liver injury compared with
C3H/He0UJ controls (although the differences in trans-
aminase levels were not significant). Therefore, we also scored
the liver histology (see Materials and Methods). There was no
difference in liver injury post-CLP when C3H/HeJ mice were
compared with C3H/He0UJ mice (C3H/He0uJ 2.370.5
(s.d.) (n¼ 5); C3H/HeJ 2.170.5 (s.d.) (n¼ 5)).
Following CLP, there was an increased number of
apoptotic cells in the spleen of wild-type mice (Figure 3).
In comparison, MyD88/ mice had significantly less
splenocyte apoptosis 24 h after CLP. This was confirmed by
terminal deoxytransferase uridine triphosphate nick end-
labeling (TUNEL) staining and anti-activated caspase 3
antibody staining. There were very few TUNEL-positive
nuclei in the liver and kidneys of C57BL/6 mice and
MyD88/ mice, and no anti-activated caspase 3 antibody
positive staining.
DISCUSSION
This paper presents a number of novel findings. ARF and
spleen cell apoptosis in our model of polymicrobial sepsis are
dependent on MyD88, but not TLR4. However, liver injury is
mediated by pathways independent of MyD88. In both the
liver and kidney we could not detect apoptosis.
The severity of ARF and liver injury following CLP was the
same in C3H/He0uJ (wild-type) and C3H/HeJ (absent
functional TLR4) mouse strains. This indicates that TLR4
is not required for the development of either ARF or liver
injury following polymicrobial sepsis. TLR4 is the predomi-
nant receptor for bacterial endotoxin (lipopolysaccharide),
and is essential for the development of ARF following
endotoxin administration in mouse models.4 The data
presented here demonstrate that this receptor is not required
for ARF induced by exposure to multiple pathogens. Using a
different model of polymicrobial sepsis (colon ascendens
stent peritonitis), Feterowski et al.8 also found that TLR4 was
not required for the development of ARF. The post-CLP
serum level of the proinflammatory cytokine, TNF-a, was
also unaffected by the absence of TLR4. This is in contrast to
models of sepsis induced by endotoxin administration, which
are dependent on the presence of TLR4. In summary, after
polymicrobial sepsis induced by CLP, organ pathology and
TNF-a production are being produced by TLR4 independent
pathways.
In contrast, mice lacking MyD88 did not develop ARF
despite liver injury following CLP. This indicates that renal
injury in the setting of polymicrobial sepsis is mediated via
the adaptor protein MyD88. Another study demonstrated
that the absence of MyD88 reduced mortality after poly-
microbial sepsis in mice.11 This is consistent with our
previous published data demonstrating that the degree of
renal injury predicts mortality after CLP.12 MyD88 interacts
with all members of the TLR family, and there are multiple
possible receptors ‘upstream’ from MyD88 that could
mediate ARF. However, it appears that TLR4 is not central
in this process. Interestingly, mice lacking MyD88 developed
liver injury comparable to wild-type mice. Therefore, liver
injury in polymicrobial sepsis is MyD88-independent and
can be dissociated from ARF, which is MyD88-dependent.
The pathways involved in liver injury require further study.
Septic mice deficient in MyD88 had significantly reduced
serum TNF-a levels when compared to controls. The reduced
serum levels of cytokines such as TNF-a in MyD88-deficient
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Figure 3 | Splenic apoptosis 24 h after sham and CLP surgery in MyD88/ mice (compared with C57BL/6 controls). (a) Number of splenic
activated caspase 3-positive cells or TUNEL-positive nuclei per  40 field. *Po0.05 vs sham, #Po0.05 vs C57BL/6, n¼ 3 per group. (b) Typical
spleen sections 24 h after CLP from C57BL/6 mice and MyD88/ mice. The sections are stained with anti-activated caspase 3 antibody or
TUNEL.
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mice may explain the protection from ARF. Cunningham
et al. demonstrated that endotoxin-induced ARF is depend-
ent on TNF-a,4,5 although other cytokines may be more
important in polymicrobial sepsis.7,13,14
Our data demonstrated that mice lacking MyD88
were resistant to apoptosis in the spleen. In vitro studies
have demonstrated that apoptosis induced by bacteria
is MyD88-independent,15 being mediated by the TLR
adaptor protein TRIF.16 However, in vivo, it appears that
apoptosis in the spleen is mediated by MyD88-dependent
pathways. There is considerable evidence that apoptosis in
the spleen is linked to illness severity in sepsis. In humans
who died from sepsis, an autopsy study 30–90 min post
mortem demonstrated extensive apoptosis in splenic lympho-
cytes (but not in renal cells).17 In the CLP mouse model of
sepsis, multiple strategies to decrease immune cell apoptosis
have increased survival18 and injection of ex vivo apoptotic
spleen cells suppressed the immune system and increased the
severity of illness.19 The resistance to ARF and apoptosis in
the absence of MyD88 may reflect the reduced proinflam-
matory response to infection. However, the ability of ex vivo
apoptotic spleen cells to increase sepsis severity suggests that
there may be a causal link between the absence of immune
cell apoptosis and resistance to sepsis-induced renal injury.
We measured apoptosis by two different assays and found
consistent results across assays for apoptosis in the spleen. It
is interesting that while we detected a few TUNEL-positive
nuclei in the liver and kidney, there were no activated caspase
3-positive cells. The positive nuclei with TUNEL staining
may represent a false-positive result – investigators have
demonstrated that this technique may lack specificity and
may not discriminate between the apoptotic and necrotic
forms of cell death.20–22 The absence of apoptosis in the
liver and kidney is consistent with other studies that have
employed a number of assays but failed to conclusively
detect significant apoptosis in renal and liver cells after
CLP.23,24
The data presented in this paper demonstrate that ARF
induced by polymicrobial sepsis has significant pathophysio-
logical differences to ARF induced by administration of
endotoxin. Endotoxin (lipopolysaccharide) is an agonist for
TLR4 and therefore is dependent on this receptor for activity.
Activation of this receptor leads to the extra-renal production
of TNF-a and renal cell apoptosis. However, polymicrobial
sepsis has the potential to activate multiple receptors and is
not dependent on TLR4. The serum concentration of TNF-a
after CLP is significantly ( 200) lower than after endo-
toxin.10 This may explain the failure of TNF-a inhibition to
affect the outcome after CLP.7 The lower serum level of TNF-a
may also explain the absence of renal cell apoptosis in
polymicrobial sepsis. We propose that polymicrobial sepsis
induced by CLP more accurately reflects human sepsis
than administration of endotoxin. In humans, sepsis severity
is not dependent on TLR4;8 therapies based on TNF-a
inhibition have been disappointing and a post-mortem
study failed to detect renal cell apoptosis.17 This is
similar to our CLP model, but quite distinct to endotoxin
models.
The striking lack of renal injury in MyD88-deficient mice
suggests that this adaptor protein may be a novel therapeutic
target. Low-molecular-weight inhibitors that bind the TIR
domain of MyD88 have been generated.25,26 Compounds
such as these may provide novel therapies for prevention/
treatment of sepsis-induced ARF. However, because of the
central role of innate immunity in controlling bacterial load,
a therapy for sepsis-induced ARF, which inhibited MyD88,
might have a low therapeutic index and would have to be
used only in carefully defined patients.
In summary, ARF induced by polymicrobial sepsis is
dependent on MyD88 but not TLR4. The absence of MyD88
dissociates ARF from liver injury; liver injury is mediated by
MyD88-independent pathways. While splenic apoptosis is
MyD88 dependent and may be related to sepsis severity, we
could not detect apoptosis in the kidney in this model. This is
quite distinct to ARF induced by administration of endo-
toxin, which is mediated by apoptotic renal cell death.
MATERIALS AND METHODS
Animals
Animal care followed the National Institutes of Health criteria for
the care and use of laboratory animals in research. C3H/HeJ,
C3H/He0UJ and C57BL/6 mice were obtained from Jackson
Laboratories, Bar Harbor, ME, USA. MyD88/ mice were a kind
gift from Dr A Sher (National Institute of Allergy and Infectious
Diseases, National Institutes of Health), and were backcrossed eight
generations to the C57BL/6. C3H/HeJ (6–8 months old),
C3H/He0UJ (6–8 months old), MyD88/ (3 months old) and
C57BL/6 (3 months old) had free access to water and chow
(National Institutes of Health-07 Rodent Chow) (Zeigler Bros.,
Gardners, PA, USA) before and after surgery.
Cecal ligation and puncture
The C3H/HeJ mice lack a functional TLR4 receptor and were
compared with age- and sex-matched C3H/He0UJ controls. The
MyD88/ mice were compared with age- and sex-matched
C57BL/6 mice. The mice were anesthetized using isoflurane
inhalation. After laparotomy, a 5-0 silk ligature was placed 1 cm
from the cecal tip. The cecum was punctured twice with a 21-gauge
needle and gently squeezed to express a 1 mm column of fecal
material. In sham-operated animals, the cecum was located, but
neither ligated nor punctured. The abdominal incision was closed in
two layers with 6-0 nylon sutures. After surgery, 1 ml of prewarmed
normal saline was given intraperitoneally. All animals received a
broad-spectrum antibiotic (imipenem/cilastatin; 14 mg/kg subcuta-
neously) in 1.5 ml of 3/4 normal saline at 6 h after surgery and then
every 12 h. At the time of killing, blood was collected by cardiac
puncture for measurement of alanine aminotransferase and
aspartate aminotransferase and measurement of serum creatinine
by high-performance liquid chromatography.27 Serum TNF-a
concentration was measured by enzyme-linked immunosorbent
assay (R&D systems, Minneapolis, MN, USA). The liver, kidney and
spleen were then harvested for histological evaluation. The 10%
formalin-fixed, paraffin-embedded tissue sections were stained with
periodic acid-Schiff reagent.
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Histological liver injury was scored by two blinded referees as
follows: 0: normal; 1: partial loss of glycogen; 2: complete loss of
glycogen; 3: focal necrosis.
Liver, kidney and spleen sections were stained with TUNEL as
per the manufacturer’s instructions (R&D systems, Minneapolis,
MN, USA). Immunohistochemistry with anti-activated caspase-3
antibody (Cell Signaling Technology, Beverly, MA, USA) was also
performed as described previously.28
Liver, kidney and spleen sections stained with TUNEL and anti-
activated caspase 3 antibody were scored by an independent referee
who was blinded to the mouse strain and treatment. The number of
TUNEL-positive nuclei or activated caspase 3 cells was counted per
 40 field. Five fields were counted per tissue section.
Statistical analysis
All data are expressed as mean7s.e. Differences between groups
were analyzed for statistical significance by t-test. A P-value o0.05
was accepted as statistically significant.
ACKNOWLEDGMENTS
This research was supported by the National Institutes of Health
intramural research program, NIDDK.
REFERENCES
1. Schrier RW, Wang W. Acute renal failure and sepsis. N Engl J Med 2004;
351: 159–169.
2. Akira S, Takeda K. Toll-like receptor signalling. Nat Rev Immunol 2004; 4:
499–511.
3. Poltorak A, He X, Smirnova I et al. Defective LPS signaling in C3H/HeJ
and C57BL/10ScCr mice: mutations in Tlr4 gene. Science 1998; 282:
2085–2088.
4. Cunningham PN, Wang Y, Guo R et al. Role of Toll-like receptor 4 in
endotoxin-induced acute renal failure. J Immunol 2004; 172:
2629–2635.
5. Cunningham PN, Dyanov HM, Park P et al. Acute renal failure in
endotoxemia is caused by TNF acting directly on TNF receptor-1 in
kidney. J Immunol 2002; 168: 5817–5823.
6. Guo R, Wang Y, Minto AW et al. Acute renal failure in endotoxemia
is dependent on caspase activation. J Am Soc Nephrol 2004; 15:
3093–3102.
7. McMasters KM, Peyton JC, Hadjiminas DJ, Cheadle WG. Endotoxin and
tumour necrosis factor do not cause mortality from caecal ligation and
puncture. Cytokine 1994; 6: 530–536.
8. Feterowski C, Emmanuilidis K, Miethke T et al. Effects of functional
Toll-like receptor-4 mutations on the immune response to human and
experimental sepsis. Immunology 2003; 109: 426–431.
9. Abraham E, Anzueto A, Gutierrez G et al. Double-blind randomised
controlled trial of monoclonal antibody to human tumour necrosis factor
in treatment of septic shock. NORASEPT II Study Group. Lancet 1998; 351:
929–933.
10. Miyaji T, Hu X, Yuen PS et al. Ethyl pyruvate decreases sepsis-induced
acute renal failure and multiple organ damage in aged mice. Kidney Int
2003; 64: 1620–1631.
11. Weighardt H, Kaiser-Moore S, Vabulas RM et al. Cutting edge: myeloid
differentiation factor 88 deficiency improves resistance against sepsis
caused by polymicrobial infection. J Immunol 2002; 169: 2823–2827.
12. Dear JW, Kobayashi H, Jo SK et al. Dendrimer-enhanced MRI as a
diagnostic and prognostic biomarker of sepsis-induced acute renal failure
in aged mice. Kidney Int 2005; 67: 2159–2167.
13. Yang H, Ochani M, Li J et al. Reversing established sepsis with antagonists
of endogenous high-mobility group box 1. Proc Natl Acad Sci USA 2004;
101: 296–301.
14. Kaneider NC, Agarwal A, Leger AJ, Kuliopulos A. Reversing systemic
inflammatory response syndrome with chemokine receptor pepducins.
Nat Med 2005; 11: 661–665.
15. Ruckdeschel K, Pfaffinger G, Haase R et al. Signaling of apoptosis through
TLRs critically involves toll/IL-1 receptor domain-containing adapter
inducing IFN-beta, but not MyD88, in bacteria-infected murine
macrophages. J Immunol 2004; 173: 3320–3328.
16. Kaiser WJ, Offermann MK. Apoptosis induced by the toll-like receptor
adaptor TRIF is dependent on its receptor interacting protein homotypic
interaction motif. J Immunol 2005; 174: 4942–4952.
17. Hotchkiss RS, Swanson PE, Freeman BD et al. Apoptotic cell death in
patients with sepsis, shock, and multiple organ dysfunction. Crit Care Med
1999; 27: 1230–1251.
18. Hotchkiss RS, Tinsley KW, Karl IE. Role of apoptotic cell death in sepsis.
Scand J Infect Dis 2003; 35: 585–592.
19. Hotchkiss RS, Chang KC, Grayson MH et al. Adoptive transfer of apoptotic
splenocytes worsens survival, whereas adoptive transfer of necrotic
splenocytes improves survival in sepsis. Proc Natl Acad Sci USA 2003; 100:
6724–6729.
20. McCarthy NJ, Evan GI. Methods for detecting and quantifying apoptosis.
Curr Top Dev Biol 1998; 36: 259–278.
21. Charriaut-Marlangue C, Ben Ari Y. A cautionary note on the use of the
TUNEL stain to determine apoptosis. Neuroreport 1995; 7: 61–64.
22. Wolvekamp MC, Darby IA, Fuller PJ. Cautionary note on the use of
end-labelling DNA fragments for detection of apoptosis. Pathology 1998;
30: 267–271.
23. Hotchkiss RS, Swanson PE, Cobb JP et al. Apoptosis in lymphoid
and parenchymal cells during sepsis: findings in normal and T- and
B-cell-deficient mice. Crit Care Med 1997; 25: 1298–1307.
24. Hiramatsu M, Hotchkiss RS, Karl IE, Buchman TG. Cecal ligation and
puncture (CLP) induces apoptosis in thymus, spleen, lung, and gut by an
endotoxin and TNF-independent pathway. Shock 1997; 7: 247–253.
25. Bartfai T, Behrens MM, Gaidarova S et al. A low molecular weight mimic of
the Toll/IL-1 receptor/resistance domain inhibits IL-1 receptor-mediated
responses. Proc Natl Acad Sci USA 2003; 100: 7971–7976.
26. Loiarro M, Sette C, Gallo G et al. Peptide-mediated interference of tir
domain dimerization in MyD88 inhibits IL-1-dependent activation of
NF-kB. J Biol Chem 2005; 280: 15809–15814.
27. Yuen PS, Dunn SR, Miyaji T et al. A simplified method for HPLC
determination of creatinine in mouse serum. Am J Physiol Renal Physiol
2004; 286: F1116–F1119.
28. Turnbull IR, Buchman TG, Javadi P et al. Age disproportionately increases
sepsis-induced apoptosis in the spleen and gut epithelium. Shock 2004;
22: 364–368.
836 Kidney International (2006) 69, 832–836
o r i g i n a l a r t i c l e JW Dear et al.: MyD88 in sepsis-induced ARF
